The application of RNA sequencing to human preimplantation embryos may unlock insights into the transcriptional programs mediating early embryogenesis. While the transcriptome of cleavage-stage embryos has been widely studied in the animal model, there is little literature related to molecular analysis at and beyond the morula stage in human embryos. Compaction involves cellular polarization and differentiation, in preparation for blastulation. Gene pathways involved in energy mobilization and waste disposal have been demonstrated to be key to the cleavage-to-embryo stage transition (Hasegawa et al., 2015) . The dependence of blastocoel cavity formation on cellular Na/K-ATPase activity is supported by a recently published report that peak mitochondrial oxygen consumption in embryos occurs at the
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Objective:
The application of RNA sequencing to human preimplantation embryos may unlock insights into the transcriptional programs mediating early embryogenesis. While the transcriptome of cleavage-stage embryos has been widely studied in the animal model, there is little literature related to molecular analysis at and beyond the morula stage in human embryos. Compaction involves cellular polarization and differentiation, in preparation for blastulation. Gene pathways involved in energy mobilization and waste disposal have been demonstrated to be key to the cleavage-to-embryo stage transition (Hasegawa et al., 2015) . The dependence of blastocoel cavity formation on cellular Na/K-ATPase activity is supported by a recently published report that peak mitochondrial oxygen consumption in embryos occurs at the morula stage (Hashimoto et al., 2017) . The study aimed to broaden the understanding of early human embryogenesis by characterizing differential gene expression across the three major stages of preimplantation development.
Design:
Prospective cohort study on human embryos donated for research.
Materials and Methods:
The study included patients who donated fresh embryos at various stages of development during an IVF cycle between January, 2016 and June, 2016. Embryos underwent routine evaluation from day 3 to 7 of extended culture, and were classified into 3 developmental stage groups: cleavage stage, morula stage, and blastocyst stage. Embryos were biopsied, and approximately 2-4 cells were removed for aneuploidy screening by next generation sequencing (NGS) using the ReproSeq assay to assess CNVs. The remaining cells of the embryo were designated for RNA Sequencing. Read counts per gene were summed across embryo cohorts and normalized using the median of ratios. Differential gene expression between embryo cohorts was calculated using DESeq2, in order to estimate variance-mean dependence and evaluate differential gene expression using a negative binomial distribution. A likelihood ratio test was used to account for heterogeneity due to patient, batch, and ploidy and growth status (arrested/ongoing). Pathway analysis was performed and grouped according to major cellular functions ( Table 1 ). The adjusted threshold for significance was p<0.05.
Results:
Differential gene expression was compared among 29 cleavage stage, 9 morula, and 43 blastocyst stage embryos. Of the 20,553 protein-coding transcripts interrogated, 3 were found to have significant differential expression between the developmental stages (POLR1D, SULT2A1, and CSAG3).
Transcriptional activity, as evidenced by POLR1D expression (encodes RNA Polymerase I/III), peaked at the morula stage. The morula stage transcriptome was characterized by marked upregulation (Table 1) 
Conclusion:
Differential gene expression across the various stages of preimplantation embryo development provide insights into the critical functions required for early embryogenesis. Transcripts mediating major mitochondrial functions appear to play an important role in compaction and preparation for cell differentiation and blastulation. Enrichment in processes related to mitochondrial function in the morula may reflect the switch from anaerobic glycolysis to aerobic metabolism which occurs by the blastocyst stage. A deeper understanding of the molecular pathways that drive the biological cleavage-to-blastocyst transformation may serve as the basis for future advances in embryo culture technique that optimize energy generation, minimize stress, and ultimately improve blastulation rates and human reproductive outcome. 
